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Introduction

The low level radio frequency Tab

e 1. FRIB Cavity Types

(LLRF) controller for the FRIB
project Is designed to
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accommodate various cavity
and tuner types (See Table 1).
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* Direct synthesis: use band
pass filters to pickup
fundamental or higher
harmonics

* Three variants: supports two
frequencies per variant

« Spare analog/digital I/Os:
4 Al, 4 AO, 5Dl and 5 DO

Tuner Board

« Stepper Tuner: 2-phase with micro- stepplng RS-485 interface to 5-phase driver.

* Analog Tuner: pneumatic valves for HWR; error signhal to RFQ.

RF

FRIB General Purpose Digital Board (FGPDB)

A common digital front-end intended to support multiple systems:

 Low Level Radio Frequency (LLRF, Qty: 372)
« Machine Protection System (MPS, Qty: 80)
 Beam Position Monitor (BPM, Qty: 120)

* Xilinx Spartan-6 XC6SLX150T-FGG900 FPGA, dual 256 MB DDR memory,

16 MB flash, MicroTCA compatible

/ uRITM Connector

66 pairs difterential o1
132 simgle-ended
programmable signals

Two pairs differential
output clocks

\ Two channels MGTs
[ ANIC Connecton

PCI Express 1x channel
Giga-Ethemet channel

Eight ports user defined
M-LVDS transceivers

Two ports user defined

\ point-to-pount clocks

B Genedhl Purpose

Al ¢ Digital Bodrd mmzmm

Powel High-speed GPIO3 Connecton DDR3
Connectol 17 pawrs differential or 34 Two independent
Single 12V single-ended programmable 2Gbits DDR3
ower supply signals hups
\ power ppl 1P 1gnals J\_ chy )

r \ | -
Spartan-6 FPGA - Low-speed GPIO1 Connectol B Switches and LEDs
Up to 147K logic cell 15 pawrs differential or 30 20 positions switches
Up to 540 I0s and 8 MGTs simgle-ended programmable 12 user defined LEDs
Low-cost 2L signals on the panel

SFP Connecton

Two 3.125Gbps fiber
channels SFPs with a
4x4 cross-pomt switch

LEMO Connecton
One LVTTL extemal
clock signal mnput
One LVTTL extemal
trigger signal mput

FMCOC Connecton
Reserved to extend
L'Os with FMC-LPC
daughter card

et SB-A Connectol

Provide UART-to-
RS232 debug interface

' SEFP Connecton

1000 Ethemet

Waveform Requirements

« Save important internal data (e.g. the amplitude and phase information of

forward/reverse/cavity signals, interlock status,

etc.)

* Holds at least one second of fast data at the RF feedback control loop rate

(~1.25 MHz, 80.5 MHz / 64)

* Freeze buffer when MPS triggers or internal interlock detected

+  Flexibility

Use cases:

* Freeze the circular buffer when an interlock event happens and read out the

fast data to diagnose the problem

* Monitor one or a set of signals at a decimated rate (user settable) while the

circular buffer is still running
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Memory Controller Interface
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enable present.

Figure 4-8: Loading the Write Data FIFO

Memory chip 1.
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Memory chip 2: Lt reen ot oo kv

» One 32-bit NPI bi-directional port e
» For writing fast data

* One 32-bit AXI bi-directional port Data can be copied through software from
» Read only in practice chip 1 to chip 2 while the circular buffer is

» Dedicate to circular bufter still running to fulfil the second use case.

Figure 4-9: Entering the Write Request into Command FIFO

Data Organization

Data Stru Ctu re : A;j:er:}“ 0 1 2 3 4 5 b 7 8 9| A B C| D E F | Sample flagFu

. . 00000000 Time Stamp high Time Stamp low Fwd Ampl Fwd Phase Waveform Variable | ID
- 00000010 Rev Ampl Rev Phase Cav Ampl Cav Phase Fwd Ampl 1
° 1 6 3 2 b It re g I Ste rS p e r S am p I e 00000020 Drv Ampl Drv Phase Ampl Setpoint Phase Setpoint 0 Fwd Phase 2
- @_ Interlock Status Misc bits __ Rev Ampl 3
() 64 bytes b I OC k S | Z e 00000040| Time Stamp high | Time Stamp low Fwd Ampl Fwd Phase Rev Phase 4
00000050 Rev Ampl Rev Phase Cav Ampl Cav Phase 1 Cav Ampl 5
00000060 Drv Ampl Drv Phase Ampl Setpoint Phase Setpoint Cav Phase 6
4 M samples (256 MB / 64 B) oooccoro |ERNURGREGRI ierloc o[ MGG O esened ) orvAmpl | 7
00000080 Time Sta mp high Time Stamp low Fwd Ampl Fwd Phase pStart Drv Phase 8
+ ~3.3seconds (222/1.25 MHz) [t Tl o mee ¢ O fmead
0 0 p rv Phase mpl Setpain ase Setpoint flagFull is not Phase Setpoint 10
000000CO) Time Stamp high Time Stamp low Fwd Ampl Fwd Phase Interlock Status 12
000000D0 Rev Ampl Rev Phase Cav Ampl Cav Phase 3 Misc bits 13
. 000000ED Drv Ampl Drv Phase Ampl Setpoint Phase Setpoint L eened ] 14
Pointers: ocooooro |NURERERGR e satvs [NUWIBGBET] iesened o
" 00000100 Time Stamp high Time Stamp low Fwd Ampl Fwd Phase Waveform Examples
= 00000110 Rev Ampl Rev Phase Cav Ampl Cav Phase 4 pTrig Time Stamp high 0
o p Start m ar kS th e Startl n g ad d re SS 00000120 Orv Ampl Drv Phase Ampl Setpoint Phase Setpoint (trigger point) Time Stamp low 0
m_ Interlock Status Misc bits _ Fwd Ampl 0
00000140 Time Stamp high Time Stamp low Fwd Ampl Fwd Phase Fwd Ampl 1
* pCurrent tracks current sample Gooooiso| revAmpl [ ee e | —Cov Ampl | CovPhase
00000160 Drv Ampl Drv Phase Ampl Setpoint Phase Setpoint > Fwd Ampl 3
add reSS @_ Interlock Status Misc bits Fwd Ampl 4
00000180 Time Stamp high Time Stamp low Fwd Ampl Fwd Phase Fwd Ampl 5
. . . 00000190 Rev Ampl Rev Phase Cav Ampl Cav Phase
Y T k th t t 000001A0 Drv Ampl Drv Phase Ampl Setpoint Phase Setpoint Fwd Ampl 250
p ”g mar S e rlgger pOIn 00000180 |INFIRERERBI Interlock Status Misc bits Fwd Ampl 251
000001C0O) Time Stamp high Time Stamp low Fwd Ampl Fwd Phase Fwd Ampl 252
000001D0 Rev Ampl Rev Phase Cav Ampl Cav Phase Fwd Ampl 253
000001ED Drv Ampl Drv Phase Ampl Setpoint Phase Setpoint Fwd Ampl 254
@_ Interlock Status Misc bits Fwd Ampl 255

Flag: - T
 flagFull will be set once the | e

. . . Time Stamp high Time Stamp low Fwd Ampl Fwd Phase Cav Phase 8
CI rC u I ar b uﬁe r IS fl I I ed - Rev Ampl Rev Phase Cav Ampl Cav Phase N Cav Phase 11

) Drv Ampl Drv Phase Ampl Setpoint Phase Setpoint Cav Phase 14
Interlock Status Misc bits __ Cav Phase 17

 flagFull resets when buffer starts ,
runnlng for the neXt t|me | v Phase 755 (5+250%3)

v Phase 758 (5+251*3)

linlinlinlinlEnl
o W | W | | |
-
-

OFFFFFCO | Time Stamp high Time Stamp low Fwd Ampl Fwd Phase ase 761 (5+252*3)
OFFFFFDO Rev Ampl Rev Phase Cav Ampl Cav Phase End v Phase 764 (5+253*3)
OFFFFFEQ Drv Ampl Drv Phase Ampl Setpoint Phase Setpoint v Phase 767 (5+254*3)

OFFFFFFO interlock status | |

v Phase 770 (5+255*3)

Trigger position is a user settable parameter that determines how many more
samples to acquire after the trigger condition is met before circular buffer freezes.

Data Retrieving

For the first use case, the circular buffer Is already frozen when user tries to retrieve
the data. So the time is not a concern.
° qule memory dump REQ_WF_DATA Cmd Request

Offset (Byte) Length (Byte) Field Definition
o Se I eCtive re ad 0 4 Packet ID >= 1 (incremented for each packet sent)
) . 4 4 Comman d 8
> S I m I Iar to SeCO n d use Case 8 4 Length Total number of samples required. Must match Waveform NELM field
1 4 Decimation Factor | Number of samples to be read. DF=1 (all data read), DF=2 (one out of two) ...

For the second use case, the circular oo cnd resonse

Offset (Byte) Length (Byte) Field Definition

buffer Is still running. So how to read : : Facket D > 1 (noementedforesch pcket sent
the data out before It IS over written : Session D The session ID assigned to the connection by the IOC

10 2 Status Status O if success; '=0 if error (see LCP status codes)

n eeds to be a.d d ressed - 12 4 Length Total number of samples available to be read

16 4 Decimation Factor | Number of samples to be read. DF=1 (all data read), DF=2 (one out of two) ...
20 4 Sequence Mumber | Sequence Number of the package requested. Increased by 1 on each request
C O m m an d S : READ_WAVEFORM Cmd Request
° Offset Length Field Definition
Reguest Waveform Data e By
0 4 Packet ID == 1 (incremented for each packet sent)
» Length (8 K max) . . Command |3

» Decimation Factor : : o petvevasem oteres
Base on the user’s choice, fast data S A 1 R |
will be copied from circular buffer to
READ_WAVEFORM Cmd Response

waveform buffer (512 KB max) In Offet Byte) Longth (Byte) _ Fil

. 0 4 Packet ID == 1 (incremented for each packet sent)
Microblaze memory space. 4 4 —
B 2 Session 1D The session ID assigned to the connection by the [OC
10 2 Status Status O if ess: 1=0if error LCP status codes)
° Read Waveform 12 4 Waveform 1D D of the orm actually read from (OxFFFFFFFF if req 1D invalid)
16 4 Offset The offset of the value actually returned (OxFFFFFFFF if none)
> Wavefo rm I D (1 —_~ 14) 20 4 Count The number n of values returned (0 if none)
24 4 Sequence Number | Sequence Mumber of the package this data belongs to.

" Value from GT5 (0 if no data returned) of first value acquired
> Offset (I n Wavefo rm b Uﬁe r) 20 8 TimeStamp [63: ] Date/Time part of the timestamp \‘
. . [31:0]-5ub-second part of the timestamp
> CO u nt (256 m a.X, I I m Ited by I\/I T U) 36 4%n Waveform Values | n 32-bit values from the requested waveform
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